Avoiding Excessive Cross-terminal Voltages of Low Voltage Transistors 
Due to Undesirable Supply-Sequencing in Environments Witti Higtier 
Supply Voltages 

DESCRIPTION 

( P ar a 1 ) Bcckgound of the I nvention 
(Para 2) Field of the I nvention 

( Para 3) The present invention relal"es to integrated drouits 

opaoting with multiple supply vdtcges of different rTx:gnitudes, end nnae 
spedfiodly to a method end cppaoTus fa a/oidng excessive 
aoss_termind voltages of low voltage tr ens istas due to undesirdde 
supply_sec|uendng in environments with hi^er supply vdtcges. 

(Para 4) RdotedArt 

(Para 5) Integrateddrcuits aesor^ times implemented with low 

vdtcgetrcns istas in high vdtcgeenvironrrients, Alow vdtcgetrcnsista is 
chaodaized b/ a oor res pond ngly ha/ing a cares pond ngly low vdue fa 
the mcKimum pamissibe acss tamind vdtcge, Expcsure of the low 
vdtcgetrcnsista to hi^er aoss tamind vdtcge (then pamissibe aoss 
tamind vdtcge) nna/ reduce the lifetime of the low vdtcge trcnsista, as 
is wdl known in the rdevcnt ats. 



( Para 6) A hi^ vdtcge environment is chacdaized by a high 

supply vdtcge (which is used to opaafe the vaious low vdtcge 
trcnsistas). The wad hi^ implies thai" the supply vdtcge is more then the 
rTx:Ki mum pamissibe aoss tamind vdtcge of the trcnsistas, Using a 
high supply vdtcge goiadly provides a oarespondngly high signd to 
ndse ratio (SNR), typiodly lecdng to less susoeptiblity to ndse in 
processing input signds. 

( Para 7) I ntegrated drcuits ae often designed to opaate with 

multiple supply vdtcges, with one a nnae of them onstitutlng higha 



supply vdtcges. Such multiple supply vdtcges \A/ith different nncgnltudes 
encbe some patlon of IntegraTed droults to operate from one magnitude 
of supply vdtcges, end other patlons to operate from cnother magnitude 
of supply vdtcges. 

(Para 8) Such designs mo/ loe chosen, fa excmple, since iow 

vdtcgetrcnslstas opercil"e with higher throughput perfamcnoe end low 
power consumption, end hi^er supply vdtcges rra/ be used ether to 
oonfam with Interface spedfloaHons of externd devices a fa higha SNR, 
as noted cbove. 



( Para 9) One probem with the use multiple supply vdtcges is that 

some supply vdtcges rrxy loe operoTiond while others ae not 
(operationd), sinc» some of such situations lead to cppli cations of aoss 
tamind vdtcges exceed ng the mcKl mum permissidevdues (noted 
cbove) when low vdtcge trcnslstas ae being operated with high supply 
vdtcges. Such excessive aoss tamind vdtcges rrxy be cpplled, fa 
example, because patlons of the Integrated drcult which a/dd such 
cpplloatlon, rrxy be non-opaatlond In theoarespondngsltucitlon(s). 

( Para 1 0) Such situations ae of paticuiaiy iil<dy to occur during 
the powa-up a powa-cbwn of the devices using the integrated drcuit 
sinc» dffaent supply vdtcges oould "oome up" (during power-up, a 
"comedown" during powa down) at different time instances, diodt within 
as hat duration. The sequence in which the power supplies oome up (a 
comedown) Is refaredtocB supply sequendng, 

(Para 11) From the cbove, it mcy be cppredated that cn 
undesircbe supply sequendng rra/ lead to excessive aoss tamind 
vdtcges lodng cpplied across iow vdtcge trcnslstas, What is thaefae 
needed is a method end eppaatus to o/dd excessive aoss_tamind 
vdtcges of iow vdtcgetrcnslstas due to uncleslrcblesupply_sequendng in 
environments with hl^a supply vdtcges. 

(Para 12) Brief Desalptlon of the Drcwlngs 



(Para 13) The present invention \A/i 1 1 lDeclesailDecl\A/itln reference to 
tine follONA/ing CDOompcnying d-ChA/ings. 

( Para 1 4) Figure (Fig.) 1 is a iDlock dcgrcm illustrating the detdls of 
cn excmple device in \A/hich vaious CBpeds of the present invention ae 

innplennented. 

(Para 15) Figure 2 is a block dcgrcm illustrafingthedetdls of aline 
driver in which vaious cspeds of the present invention on be 

implemented. 

(Para 16) Figures is a circuit dcgrcm of thedetdls of apation of 
the line diver illustrafingtherrxnner in which low vdtcgetrcnsistas ocn 
be exposed to excessive aoss termind vdtcges in cn example soenaio. 

( Para 1 7) Figure 4 is a bock dcgrcm illustrating the rmcnner In 
which exposure of low vdtcgetrcnsistas to excessive aoss tamind 
vdtcges on be a/dded aooordng to cn csped of the present Invention. 

( Para 1 8) Figure 5 Is a block dcgrcm is a dock dlcgron illustrafing 
the lmplennentcil"ion prindple of vaious bocks of Figure 4 in one 
embodment. 

( Para 1 9) Figure 6 is a drouit dcgrcm illustrafing the 
implementafion defdls of vaious bocks of Figure 4 in one embodment. 

( Para 20) Figure 7 is a timing dcg'cm illustrafing the operation of a 
buffer in one embedment. 



(Para 2 1 ) Detdled Desaiption of the Preferred Embodments 
(Para 22) 1. O/avie^ 

( Para 23) An csped of the present invention ensures that suffident 
bcB current is provided to a pation of a drouit ("drouit pation") 
oontdning lew vdtcge trcnsistas operating with a hi^ supply vdtcge 
(ha/ing a mcgnitude geata then the rrx^Klmum permissibe aoss termind 
vdtcge of trcnsistas oontdned in the drouit pation) irrespedive of supply 
sequendng. Due to such abas current, exposure of the trcnsistas to 
excessive aoss tamind vdtcges is a/dded. 



( Para 24) Such a sufficient ioicB current ma/ ioe ensured icy 
generoj-ing a prirrxry bcB current independent of PVT from a low supply 
voltage fa high rdidoiiity, end a backup bicB current from a high supply 
voltage, end providing the iocckup loicB current cs the ioias current if the 
prirrxjy ioias current is not present. The prirrxry bcs current mcy ioe 
provided cs the ioias current when the low supply voltcge is a/didole. 
T hus, the backup bias current is provided cb bcs current in cose of 
undesircbe supply sequendng. 

( Para 25) Severd CBpeds of the Invention ere desalbed below with 
reference to ©<cmples fa IllustraHon. 1 1 should be uncterstood thai" 
numaous spedficdefdls, relaHonships, end methods aesef fath to 

provide a full understcndng of the Invention. One skilled in the rdevcnt 
at, howeva, will readily recognize thciT the invention ccn be prccticed 
without one a mae of the spedf ic detdls, a with otha mefhods, etc I n 
other instances, weli_known structures a opactions ae not shown In 
detdl to a/oid obscuring the invention. 

(Pore 26) 2, Excmple Device 

(Para 27) Figure 1 is abock dcgron of thedetdis of cn excmple 
devioe In which valous cspeds of the present invention ccn be 
implemented. Devloe 100 is shown oontdning prooessa 1 10, digitd to 
cndogoonvata (DAQ 120, lowpcBS fllta 130, cndllnedrlva 140. Each 
block is desalbed below In furtha detdl. 



(Para 28) Procsssa 1 10 genactes dgtd codes (on pcth 1 12), 
which need to ioe transmitted to externd devices, DAC 1 20 converts the 
digitd codes (received on pcth 112) intooarespondngcndogsignds, end 
provides theendogsignds on path 123, Low pass filter 130 pafams 
fiitaing opaeil"ion to rerrwe unwonted frequency components from the 
cndog signds genacted by DAC 120, end the filtaed signd is provided on 
pcth 134. Prooessa 110, DAD 120 end fllta 130 rrxy be Implemented In a 
known wey. 



(Para 29) Linectiver 140 receives the filtered signd on poth 134, 
proN/ides tine filtered signd with a desired power /vdtcge level to d'ive 
trcnsmission line 144. Line driver 140 further operates from low voltage 
supply 141 CB well as high vdtcgesupply 142. The high vdtcgesupply 
hcB a rTx:gnltude geater then a rrx^ximum permissible vdtcge that ccn be 
cppi led across ter minds of sormetrcnsistas contdned In line driver 140, 
Valous CBpeds of the present Invention protect such low vdtcge 
trcnslstas from exposure cgdnst such excessive acss termind vdtcges, 
when low vdtcgesupply 141 is not present. Thedetdls of cn embodiment 
of iined-iver 140 aedesaiioed in further detdl with reference to Figure 2. 



(Para 30) 3. Line Driver 

(Para 31) Figure 2 is a bock dcgrcm illustrating thedetdls of line 
driver 140 in cn embedment of the present invention. Line cUver 140 is 
shown oontdning low vdtcge pation bock 210, bcB current generata 
220, end high vdtcge pation bock 230. Ecch bock is desaiioed ioelcw in 
further detdl. 



(Para 32) Low vdtcge pation dock 210 operates from a low 
vdtcge supply (e.g., 3 V) received on path 141 , end generates cn 
cmplifiedsigid on path 213. In eddtion, abcB vdtcge sigid is 
generated on path 212. 



( Para 33) BIcb current generata 220 generates a dcs current on 
path 223 using both low vdtcge 141 end high vdtcge 142, end provides 
bcB current to both low vdtcge pation bock 210 end hl^ vdtcge pation 
bock 230. The detdls of Implementation of en exanple embedment of 
bcB current generata 220 aooadngto vaious espeds of the present 
invention, aedesaibed in sedions bdow. 



( Para 34) High vdtcge pation bock 230 opaotes from a hi^ 
vdtcgesupply (e.g., 12 V) received on path 142, endgenaotes cn 
cmpllfled signd which dives trcnsmission line 144. High vdtcge pation 
bock 230 Is implemented using some low vdtcge trcnslstas (e.g.. 
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trcnsistas designed \A/ith SVspedfioafion ha/ingamoKinnunn permissible 
CTOSS termind vdtcgeof 4\/). 

(Para 35) ThebcB ourrent received on path 223 is used to protect 
low vdtcge trcnsistas from receiving aoss termind vdtcges exceedng 
tine mcKi mum permissible vdtcge levels. Thecbsenceof bcs current mo/ 
expose the low vdtcge trcnsistas to excessive aoss tamind vdtcges, end 
dcrrxage the trcnsistas cs desaibed below with reference to Figure 3, 

(Para 36) 4. DcrTx:ge to Trcnsistas in the Absence of Bics Ourrent 

(Para 37) Figures is adrcuit dcgran of apation of high vdtcge 
pation bock 230, iiiustral-ingthenfxnna in which lew vdtcge trcnsistas 
ocn be clcrTx:ged in the cbsencB of bcs current generated on path 223. 
The pation is shown oontdning NIVCS trcnsistas 315, 320, 360, 350, 380 
end 370, end PIVICS trcnsistas 310, 330, 340, 390 end 395. It should be 
cppredated that the other pations of high vdtcge pation bock 230 ere 
not shown to a/dd obscuring vaious cspects of the present invention. 



(Para 38) Trcnsistas 320 end 380, implemented cb high vdtcge 
trcnsistas, operate to protect trcnsistas 350, 360 end 370 when bcs 
current is present. T he oonb nation of trcnsistas 315 end 350 operates cb 
a ourrent mirra. I n the cbsencB of low bcs vdtcge 141, trcnslsta 350 
turns off, which will pull nodes 31 1 end 312 to high vdtcge supply 142. 
However, dependng on the bCB at the gate of 370 the potentid at path 
389 ccn go to ground which causes excess acss tamind vdtcge end rra/ 
damage the trcnslsta 390. 

(Para 39) 

( Para 40) Sevad otha trcnsistas dso ma/ be similaly damaged 
due to si mi la recBons. ADoadngly, it is genadly desirdde that bas 
current bedwa/s provided when device 100 is opaationd (a powered 
on). 
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( Para 4 1 ) One possibe recBons fa the cbsenoe of such bcB current 
on pol-h 223 is thai- low vdtcge supply 141 is not present \A/hen high 
voltage supply 142 is present, fa e<cmple, beoouseof low voltage supply 
141 'oomes up' cfter hi^ vdtcge supply 142 during initidizcil"ion of device 
1 00. T he rrxnner in which the presence of bcB current ocn be ensured 
ciooordng to vaious cspeds of the present invention is desaibed below in 
further detdl. 



(Para 42) 5. EnsuringthePresencBof BicB Current 

( Para 43) Figure 4 is a dock dcgrcm illustrating the rrxnner in 
which presence of das current ocn be ensured aooording to vaious 
aspeds of the present invention. The dock dcgrcm is shown oontdning 
primay dcB current dock 410, backup dcB current dock 420, oompaata 
430, end multiplexa 440. Each dock is desaibed bdow in detdl, 

(Para 44) Prirmy current dock 410 genaotes prirray dcB current 
(on path 41 1) using low vdtcge supply 141. I n the cbsenoe of low vdtcge 
supply 141 , primay dcB current is dso cfcsent. desaibed bdow in 
furtha detdl, the prinnay dcs current is provided C8 dcB current 223 in 
narrx:! opaatingooiditions when low vdtcge supply 141 is a/dlcde. 

( Para 45) Backup current dock 420 generates backup dcs current 
(on path 422) using hi^ vdtcge supply 142. Backup current dock 420 
rro/ be designed to provide the seme ader of current cb primay dcs 
current to a/dd dcmcge to the low vdtcge trcnsistas (eg, 390). 



(Para 46) The implementation of backup current dock 420 end 
prinrxjy current dock 410 will be cppaent to one skilled in the rdevcnt 
ats b/ recdng the dsdosure provided hadn. I n cn embedment, prirrxiy 
current dock 410 is implemented to be independent of vaiations in PTV 
(process, temperature end vdtcge), while backup current dock is not 
designed to meet such a aitaia 
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(Para 47) CDmpCTOfa 430 oompaes theprimay bicB current (41 1) 
\A/ith the backup bicB current (422) end generates a oompCTison result on 
pofh 434. Thus, the oompCTison result naojIcI equd one logiod vdue\A/hen 
the prirrxjy bcs current is present, end cnother vdue ot"her\A/ise. 



(Para 48) Multiplexa 440 selecl"S one of prirrxjy bcs current (41 1) 
end bcd<up bcs current (422) aooordng to the oompCTison result received 
on pofh 434. Theselededsignd is pro\/icledon pofh 223. Thus, the 
primCTy bicB current is proN/ided on pofh 223 in narrx:! operoUng 
condtions, end the bxkup bcs current is proN/ided \A/hen the prinrxjy bcB 
current is cbsent. 



(Para 49) Thus, by ensuring that bcd<upbcB current is present of 
lecBt \A/hen the prirmy bcs current is cbsent, dcmcge to vctIous low 
vdtcge trcnsistas (in hi^ vdtcge pCTtion bock 230) rrxy be o/dded. 

( Para 50) The combnoHon of the components of Figure 4 ocn be 
implemented using vctIous cpprocdnes. The prindple behind cn excmple 
cpprocch is desaibed first, fdlowed by OCTrespondng implementoHon 
detdls. 



(Para 51) 6, I mplementol-ion Prindple 

( Para 52) Figure 5 is a bock dcgron illustroring the prindple of 
implementing the oombnofion of prirray current bock 410, bxkup 
current bock 420 end compCTOfa 430 of Figure 4. The bock deg-on is 
shown oontdning current sources 510 end 520, end buffer 530. Eedn bock 
is desCTibed below in further defdl. 



( Para 53) Buffer 530 operates to provide shaper trcnsitions on 
pol-h 434 in response to trcnsitions occurring at node 512. Buffer 530 mey 
dso isdcil-efrom node 512 cny components further down on path 434. 
Buffer 530 rra/ be implemented in a known wey (e.g., cb two inverters 
connected in series). 
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(Para 54) Current sources 510 end 520 respectively represent 
prirrcry current block 410 end backup current bock 420, end ae shown 
driving node 51 2. T he currents from the \wd current sources cUve node 
512, but the current \A/ith higher rTx:gnitucle defermines the vdtcge level d" 
node 512. 



(Para 55) In oneembodment, current source 510 is designed hcve 
a rrxagnitude of 2.5 tinnes that" of current source 520, which ensures thai" 
node 512 is logo' llnnarrx:! operafing conditions. soon as current 
source 510 becomes lower then 520, the vdtcge at node 512 stats gdng 
dcNA/n. Thus, the vdtcge levd (end thus thelogcvdueeventudly 
generated by buffer 530) at node 512 is determined by the strength of 
current in two current sources. 



( Para 56) As noted cbove, under narrx:! conditions, the rrx^gnitude 
of current sourcB 510 is hi^er then that of current 520, end hence the 
vdtcge ievd at node 512 represents ' 1 ' . As a result, the output of buffer 
530 would indocite whether the primay bcB current a bcckup das current 
is to be provided cb the das current on pdh 223. The desaiption is 
continued with resped to en excmple implementation using the prindple 
desaibed cbcve. 



(Para57) 7. I mplementation Detdl 

( Para 58) Figure 6 is a drcuit dcgrcm illustrating the 
implementation detdls of the oomd nation of prirrxjy current dock 410 end 
bcckup current dock 420 in oneemioodment. The drcuit dicgrann is shown 
oontdning PMC6 trcnslstas 610 end 620, NMC6 trcnsistas 630 end 640, 
current source 510 end resista 660. Each component is desaibed bdew. 



(Para 59) Current source 510 prevides prirrxiy dcB current on path 
41 1. Theoomdnation of PMC6 trcnsistas 610 end 620 operate cb a 
current mirra drcuit, end thus path 622 contdns the seme amount of 
current as on path 411. Current source 520 of Figure 5 is implemented 
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using NMC6 trcnsistas 630 end 640, end resista 660, es \A/ill be eppaent 
from the desaipl-ion below. 

(Para 60) Resista 660 receives hi^ voltage supply 142 end 
generates bad<up ioias ourrent on path 422. The resistcnoe vdueof 660 is 
chosen to generate backup bics current of a desired rrx^gnitude. T he 
oombination of NMC6 trcnsistas 630 end 640 opaofecB a ourrent mirra, 
due to \A/hich path 644 would oontdn seme current cb on path 422. Paths 
644 end 622 ae connected at node 512. 



(Para 61) It should be cppredated that thevdtcgeat node 51 2 
chenges gcdudly when the two current sources ae opaative. Howeva, 
buffer 530 opaates to provide shaptrensitions, cb desaibed below with 
refaencB to Figure?, 

(Para 62) Figure? is a tinning deg-cm, with line 710 depicting the 
vdtcge at node 512 end line 750 depiding the output of buff a 530 on 
path 434, The peck vdtcge levd of thetwosigids (710 end 750) ec|uds 
the low vdtcge levd 141 , ocn loe recdiy observed, thetrcnsitions on 
line 750 aeshapcompaedtothegredud chengeon line 710. 

( Para 63) Even thou^ the exemples ebove ae desaibed with 
refaenoe to ensuring the presence of bes ourrent in the ebsence of low 
vdtcge supply, the presence of dcB current ma/ be ensured in the 
ebsence of high vdtcge supply cb wdl, cb mcy bedesircbein spedfic 
situations. Such implementations ae covaed by vaious CBpeds of the 
present invention. 

(Para 64) 9. Goidusion 

( Para 65) While vaious embedments of the present invention hcK/e 
been desaibed ebove, it should be understood that they heve been 
presented by wcy of excmple only, end not limitation. Thus, the lorecdth 
end scope of the present invention should not be limited by cny of the 
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cbove desaibed exemplay embodnnents, but shcxild be defined only in 
oooordcnoe tine fdlOA/ing ddms end their equivdents. 
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